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Results

Abstract

Figure 1 -Table 1: Photon Flux Variation
Across the Field (@20kVp, absorption units)

Key minerals such as iron, manganese and copper are necessary for
optimal health and vitality of human beings. These minerals are within
the biomolecules of food, particularly in fruits and are not detectable
without destroying their natural biochemical roles. A compilation was
done on average mineral compositions for multiple apple varieties from
USDA and academic horticulture research labs to design the x-ray beams
in the low energy ranges in our mammography system that provide
“soft” x-rays for imaging light-weight atoms. In this project homemade
external filters like Aluminum sheets, Iodine and Gadolinium contrast
media were developed to modify low energy X-rays for more dedicated
detection of each of these minerals. The absorption patterns and utility
of such modified x-ray beams were analyzed. Differentiation between the
imaging of iron and other minerals was challenging but a common
distribution pattern from the core to the cortex of the apples was
observed for all varieties of apples tested.
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Background
Filters were used to assess the mineral loss in the dehydrated apples
for this research experiment. Filters are used to absorb low-energy or
non-useful x-ray to decrease patient dose to the skin and improve
overall quality of the image. There are two types of filtration
in radiographic units: inherent and added filtration. Inherent
filtration are prebuilt into the radiographic machines. Added filtration is
separate from the machine and is interposed outside the x-ray tube
to boost a net proficiency known as total filtration. Inherent filters have
a higher K-edge than added filters. K-edge is the abrupt increase of
photoelectric absorption in x-rays. The two inherent filters in the
mammography machine used in this experiment are Silver(AG) and
Rhodium(Rh). Silver has a k-edge of 25.514 keV and rhodium has a
kedge of 23.33 keV. Aluminum is the added filtration used in this
experiment ranged from 1mm to 2mm; with a k-edge of 1.5596 keV.
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Method
Used three filters: Rhodium(Rh), Silver(Ag) and iodine(I) to show
mineral content in apples. Took 4 different types of apples: Fuji apple,
Golden apple, Granny Smith and Gala apple
Took a slice of each apple and made an exposure of it and labeled it as
cold. Heated each apple slice for 10 seconds in a microwave and made
exposures to show mineral content. These heated apple slices were
labeled as hot. The absorption pattern of each filter was analyzed and
used to identify varying minerals in the apples. Made an iodine filter by
a 3-4-fold dilution of iodine based Omnipaque-350 (CT dye) using
distilled water. The role of Iodine filter also was discussed to enhance
detectability of iron and reduce the detectability of K, Ca, Mg in
addition to the role played by Ag or Rh.
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Figure 2 - Table 2: Photon Flux Variation
Across the Field (@29kVp, absorption units)
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Figure 3- Photon
Flux Uniformity for
Hologic
Mammography Unit
Figure 6 demonstrates less xray penetration exaggerates
quantum noise at mineral
deposits in the 3 cm thick
apple. Thus, showing that the
K-edge is filtered out by L-edge
of silver filter.
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Using the basic air calibration without added filters and only using the intrinsic Rh filters at 20 and 29 kVp. The
mammography machine was calibrated at various mAs ranges at 29 kVp and 16 mAs was found to be optimal with
approximately 1% intensity variation across the imaging field compared to approximately 1.7% at 4 mAs which increased
to approximately 2% and 2.3% at 20 kVp. Thus, the SD/SI is 1—2% maximum, meaning that the beam is quite uniform.
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Figure 4 –Core of Apples

Figure 5 – Cortex of Apples

As seen in the previous table for air calibration, the SD/SI% is approximately 2% at 20 and 1-1.2% at 29 kVp
without iodine filter. In the tables above, we see the air calibration Sd/SI% is less than 0.9% at 30 kVp and even
lower for 35 and 39 kVp with iodine filter. Hence iodine K-Edge at 33 and L-Edges at 4-5 keV have homogenized
the beam to constitute mire mid-band energies and truncating both low and high tails causing less scatter in air.
The apple varieties, after a week-long drying, also acted as extrinsic filters and absorbed 6-8 keV components
due to Fe, Mn, and Cu K-Edges that exist as biometals in apples. The SD/SI% is lower at core compared to cortex
indicative of greater filtering at core; proving that the core is richer in metals than the cortex. Fuji apples may
have the highest concentration of biometals, as we see that SD/SI% in minimum for Fuji. The data shows that
greater mineral accumulation at the cortex does the same SD reduction at the core of apples.

Figure 6 – X-ray of 3 cm thick apple

Conclusion/ Next Steps

After making exposures with all three filters: Silver(Ag), Rhodium(Rh), and
iodine(I), Ag proved to be the most effective in removing specific mineral content in
the apples as it filtered out everything from 5 KeV and below. This filter showed the
absorption of x-ray beams with significant attenuation in the cortex indicating
mineral deposits.
During the beam preparation for this project, the Ag filter that was used for the
detection of mineral composition in the different varieties of apples revealed
decreasing scatter with increasing kVp at the cortex of the apples. Additionally,
there was approximately 20-30% less absorption of x-ray beams in the core as
compared to the cortex of each tested apple. Decreasing scatter was also noted as
the pore size of the apples increased after they were heated and radiographed.
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